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BACKGROUND:

Low rank coals constitute a large, low cost potential feedstock for producing
ransportation fuels in the United States. Low rank coal deposits account for about
48 percent of the demonstrated U.S. coal reserve base (see figure 1). The majority
of the low rank coal reserves are subbituminous coals located in the Western U.S. in
Montana and Wyoming. The lignite reserves are found in Texas near the Gulf
Coast and in North Dakota.

Low rank coals are characterized by their high inherent moisture content and hi gh
oxygen content. Generally they are low in sulfur, and because of the high oxygen
content they have a lower calorific value than bituminous coals. Figure 2 shows
typical analyses for an llinois bituminous coal and Black Thunder subbituminous
coal.

Liquefaction of low rank coals is complicated by the high water content, and these
coals must be dried before they can be slurried in the slurry mix tank to prevent
excessive foaming. The high oxygen content requires that hydrogen be used to
remove this oxygen as water and this can result in high hydrogen usage. In the past,
low rank coals have been considered to be poor feedstocks for direct coal
liquefaction, but considerable success in the processing of these coals was obtained
by Anderson using the SRC-II process(). Figure 3 shows that overall coal
conversions in excess of 95 percent were obtained with Big Brown Texas lignite,
Indian Head Beulah Zap lignite, and Belle Ayr Wyoming subbituminous coals.
These high overall conversions were obtained using iron pyrite as disposable
catalyst.

Since that time, low rank coals have been processed in the two-stage liquefaction
configurations at Wilsonville and at Hydrocarbon Research Inc. (HRI) with mixed
success. Wilsonville has concentrated on using the thermal/catalytic approach with
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disposable iron catalyst in the thermal stage, while HRI has used their CTSL
configuraton with supported catalyst in each stage and no disposable catalyst
addition.

OBJECTIVE OF THE CURRENT STUDY:

The objective of the current MITRE study is to estimate the cost of the coal denived
liquid products that result from processing low rank coals in the Wilsonville and
HRI CTSL configurations. The resultant cost of liquids is then compared to liquids
produced from bituminous coals.

METHODOLOGY:

The methodology used to accomplish the above objective was to utilize the MITRE
coal liquefaction cost model to assess the overall technical and economic
performance of low rank coa!s in both the Wilsonville and HRI configurations.
Actual test data from Wilsonville and HRI was used as the basis for these analyses.
This test data is moditied to simulate complete resid recycle extinction and to
standardize the operating performance of the deashing unit. This corrected yield
data is then used in the simulation models to predict the overall performance and
economics of a conceptual commercial coal liquefaction facility.

The components of the MITRE two-stage direct coal liquefaction model are shown in
figure 4. This computerized simulation model has been under development for several
years, and has undergone continual improvement and updating as additional data become
available. As part of this improvement, the overall plant configuration has been
significantly altered since its initial documentation®. The original UOP/SDC integrated
two-stage plant design®) initially used in the MITRE model has been updated to include
Shell gasification for hydrogen production, Kerr-McGee ROSE-SR units for deashing,
and a combined-cycle facility for on-site electric power generation. In addition, the
two-stage coal liquefaction section of the model has been improved by simulating the coal
dissclution and resid upgrading reactors using first-order lumped kinetics. These kinetics
are used to determine the required space velocities and resulting reactor volumes for the
required coal conversions to specific product distnibutions. For the purpose of this
analysis, the direct model has been extended to include naphtha hydrotreatment, distillate
hydrotreatment and hydrocracking, and n:.phtha reforming.

The economic sections of the model provides estimates of the plant construction cost,
total plant capital required, operating and maintenance costs, annual revenue required, and



required selling prices (RSP) of the products. Total plant construction cost is estimated
by using cost data of unit operations obtained from various open literature sources. The
unit operation cost data are scaled based on capacity, adjusted to the reference calendar
year, and summed to give the total cost of construction. Total capital is calculated from
the construction cost by adding engineering design and contingency costs, and funds used
during construction. Additon of the non-depreciable capital (start-up cost, working
capital, and initial catalyst and chemical cost) gives the total capital required. Gross
annual operating costs are calculated as the operating and maintenance expenses minus
the by-product credits. The annual revenue required is the sum of the cap:tal and
operating cost components. The capital component is calculated from a discounted cash
flow (DCF) analysis using specified financial parameters. The RSPs of the products are
then calculated from the total plani product outputs and the annual revenue requirement.

RESULTS:

Figure 5 shows the technical performance data for several low rank coals that were
obtained at Wilsonville and HRI. This data includes the test yield and the MITRE
corrected yield for selected material balance periods in each run. In addition it
shows the process operating conditons including the catalyst type and addition
rates. The runs selected were Wilsonville 251 with Wyodak subbituminous coal®),
run 255 with Texas lignite(s), and runs 260¢6) and 258 with Black Thunder
subbituminous coal. There is also an HRI run included in the data set. Thisis run
227-27(® with Wyodak subbituminous coal. These runs with low rank coals are
compared in figure 5 to the results obtained in Wilsonville run 257¢ with Illinois
bituminous coal. The yield data shows that the liquid yield is much higher with the
Illinois coal than with the subbituminous and lignite coals.

Figure 6 shows the conceptual commercial plant summary data obtained from using
the MITRE simulation model with figure 5 input data. The conceptual commercial
plants are all sized to produce 100,000 barrels per day of raw liquid products. The
resulting quantities of hydrowreated product and gasoline derived from the raw
product is shown. The required selling prices of the products and the resulting
equivalent crude price is also shown in figure 6. The standard economic parameters
used to calculate the required annual revenue are shown in figure 7. These result in
a capital charge factor of 0.167.



CONCLUSIONSE:

The use of low rank coals in conventional two-stage processing shows about
10;1% percent deFrcasc in required selling price of liquids compared to usin )
Illinois coal. _Thls is in spite of the much lower liquid yields from low rankgc ]
er.lfc;errc;sl:)tlitsl pnmlac;izlii/l from the much lower cost of the low rank coal. This RSOIil ”

. ial would allow a construction cost increase of about 20 c1:ccnt tob
parity with the Illinois coal cost. However, it i e iditio
cost s.avings could be realized with low rank c:afsxgicéz?ntghzziifntgg arr\ctx?: dlflonﬂl
techniques such as pretreatment and more effective disposable catalys:)s e
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